Physical activity such as walking outdoors is an important health-protective factor 1 especially for older people. 2 Reduced functional mobility is associated with depression, [3] [4] [5] cognitive impairment, 6, 7 and shorter life expectancy. 8, 9 Patients referred to Edinburgh Community Physiotherapy Service are frequently elderly.
Rehabilitation interventions addressing balance, gait, coordination, muscle strength, and indoor/outdoor mobility are commonly provided on an outpatient or domiciliary basis.
The identification of a valid and reliable measure of functional mobility, which is responsive to changes in mobility, both indoors and out, would enable physical therapists and other health care staff to measure meaningful clinical change and provide grounds for giving evidence-based feedback to patients regarding their progress in mobility.
The Panel on Prevention of Falls in Older Persons 10 noted that the Performance-Oriented Mobility Assessment 11 (POMA) is one of the most commonly used mobility measures.
POMA assesses balance and gait in a controlled indoor environment and has been shown to be predictive of falls risk. 12 The validity and reliability of the most frequently used version, POMA1, has been established for those with osteoarthritic knees 13 and for people with Parkinson disease. 14 Among samples of older adults POMA1 has been shown to be responsive to intervention effects at the group level, 15 especially among those with lower baseline scores. 16 However, POMA1 scores might not correlate strongly with actual functional mobility. 17 Factors beyond gait and balance, such as fear of falling when walking outdoors 18 and the availability of resources, such as personal assistance, are likely to be important in this respect.
The Life-Space Assessment 19 (LSA), a self-report measure, requires respondents to quantify how far and how often they have mobilized with or without assistance during the last 4 weeks. The items are repeated for each of the 5 "Life-Space Levels," which represent increasing distances from the room in which the respondent sleeps (Appendix). Life-space has been described as the area in which a person moves purposefully in a specific time period. 20 Although LSA is not a direct measure of factors such as fear of falling and the availability of resources it is plausible that LSA scores of mobility will partly reflect these, and to a greater extent than would be reflected in POMA1 scores.
Based on its face validity, published psychometric properties, and apparent ease of administration we tested the suitability of the LSA as a measure in routine clinical practice by conducting a preliminary pilot study of staff members' experiences of administering the measure within our service. 21 The LSA was found to be quick and easy to administer by both physical therapists and their assistants.
The LSA has been shown to be a valid and reliable instrument among people sampled from nonclinical settings across a range of cultures. 3, 7, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] Evidence for validity has been found in a small number of studies involving clinical groups [33] [34] [35] [36] [37] [38] [39] [40] [41] where mean baseline LSA composite scores 19 are often markedly lower than in other studies. Several studies provide evidence that floor/ceiling effects are absent or negligible 19, 25, 36, 39, 40 and there is no contrary evidence. There is evidence supporting the responsiveness of LSA to interventions likely to affect mobility, although the number of studies is small, [41] [42] [43] [44] [45] and only 3 of these have used LSA as an outcome measure in the context of a physical therapy/exercise intervention. [42] [43] [44] There are no studies of any kind using LSA which were conducted in the United Kingdom; an unmet clinical need for health services including physical therapy which are publicly funded, free at point of need, and therefore accessed by the broad spectrum of the general population.
The aim of this study was to evaluate the validity and utility of the LSA during routine physical therapist treatment provided at home or in outpatient clinics in urban Scotland for patients with gait and balance problems secondary to a range of primary conditions. Specifically, the objective of this study was to evaluate the construct validity (differences between groups and convergent validity) and responsiveness over treatment. 46 In the absence of a gold standard, the criterion validity of the LSA was not tested.
[H1] Methods

[H2] Setting and Participants
The domiciliary and outpatient services of Edinburgh Community Physiotherapy Service, and West Lothian Domiciliary Physiotherapy Service were the settings for this study.
Lothian NHS Board in Scotland, United Kingdom, is the publicly funded provider of these services. Participants were newly referred, consecutively assessed patients of these services. Patients were referred to the service by community-based general practitioners or allied health professionals, and hospital-based medical, surgical, or allied health professionals. Patients were eligible if they were 16 years old or older, with an improvement in balance and/or gait identified as a primary rehabilitation goal by the patient and treating physical therapist. Participants' primary conditions included musculoskeletal lower limb conditions and injuries, recent lower limb, pelvic, or lumbar vertebral fractures, lower limb joint replacements, recent general (abdominal) surgical interventions, and neurological conditions. Exclusion criteria were: having no potential to bear weight, being a nursing home resident, having a diagnosis of terminal illness, chronic lung disease, lymphedema, or cognitive impairment to a degree precluding capacity to consent. Clinical physical therapists in the services assessed new patients on their caseload for eligibility, provided study information, and carried out the informed consent procedure.
[H2] Design
A prospective, comparative cohort design was adopted. Between January 2016 and March 2017, participants were sampled from subpopulations of patients, defined by clinical presentation, to create 3 study cohorts for comparison purposes: outpatient (OP)-able to make their way independently to attend outpatient appointments; domiciliary, nonhospitalized (DNH)-treated at home with no hospital admission within the previous 4 weeks; and domiciliary, recent hospital discharge (DH)-treated at home after a recent discharge from hospital after having been an inpatient for a minimum of 3 of the previous 4 weeks.
[H2] Therapists and Interventions
Twenty professionally registered physical therapists provided supervised, individually tailored, graduated, goal-focused, home or clinic-based physical therapist interventions to primarily address balance and gait impairments and, when appropriate, outdoor mobilization including confidence building, to enhance coping with environmental demands.
Indoor exercises were based on the tests described in POMA1. Additional patient-specific progressive core strengthening, lower limb joint mobilization, and muscle-strengthening training exercises were performed predominantly in standing according to assessed need.
Both indoors and outdoors exercises were tailored to suit each participant's requirements in terms of type, intensity, duration, and provision of mobility aids and/or personal assistance.
Participants were encouraged to incorporate their personalized advice and perform their prescribed exercise program on a daily basis. The details of the exercise programs were determined by the treating physical therapists on a case-by-case basis. The number of sessions provided was determined by attainment of agreed goals in each individual case.
Initial assessment sessions were typically of 45 minutes duration, with subsequent treatment sessions lasting 20 to 30 minutes.
[H2] Measures
The principal measures were the LSA and the POMA1. The LSA 19 is a self-report measure of the frequency of independent mobility across 5 Life-Space Levels during the last 4 weeks The LSA was administered by telephone by 1 of 3 researchers who were independent of the investigatory team, had no role in the clinical assessment or treatment of participants, and were not told about the study cohort membership of participants. Where a participant was unable to answer the telephone a caregiver was allowed to assist. To maintain masking, the researchers were trained to request that participants (and caregivers) did not reveal the identity of their treating physical therapist or the location of their treatment during the LSA interviews. Instances in which the researchers were unmasked with regard to cohort membership were recorded. Since the researchers were employed throughout the study and were aware of the study sequence of events no attempt was made to mask them with regard to measurement time point.
There are several versions of the POMA. 47 For this study we chose the most commonly used version: POMA1. 17 This is an objective, clinician-completed measure of performance on a range of tasks allowing the assessment of balance (score range = 0-16) and gait (score range = 0-12) by the physical therapist. Balance and gait scores are summed to produce a total score (range = 0-28). POMA1 assessments take 10 to 15 minutes to complete and in this study were performed by the participant's treating physical therapist.
The LSA and POMA1 score data recorded for analysis purposes were the total scores in each case (for the LSA, this was the LSA composite score 19 ).
The treating physical therapists also provided demographic and treatment-related data including age, sex, postal code, main presenting problem, length of treatment, and number of treatment contacts. Postal codes were used to determine level of social deprivation by translation into residential area deprivation ranks defined by the Scottish Index of Multiple Deprivation (SIMD). 48 SIMD combines 7 measures of deprivation (employment, income, health, geographic access to services, crime, housing, and education, skills and training) into 1 index which provides a relative ranking of each geographical "data zone" in Scotland from 1 (most deprived) to 6505 (least deprived).
[H2] Measurement Points
Measures were administered twice. POMA1 was administered at the patient`s physical therapist assessment (T1) and discharge (T2) appointments as part of normal clinical practice. On receipt of signed informed consent after the initial assessment appointment, the researchers were instructed to conduct the first LSA interview as soon as possible thereafter. A similar triggering process for the second LSA interview was followed on confirmation that discharge from treatment had occurred.
[H2] Specific Hypotheses
Clinical experience indicated that the study cohorts would differ on average in predictable ways in terms of level of mobility at initial assessment and degree of improvement in mobility over treatment. Specifically, we hypothesized that at the initial assessment, the OP cohort would be more mobile than the DNH cohort, which would be more mobile than the DH cohort, as measured by the LSA, and that over treatment, the DH cohort would show more improvement in mobility than the DNH cohort, which would show more improvement than the OP cohort, as measured by the LSA.
In terms of convergent validity, because the LSA and the POMA1 appear to measure related but nonidentical constructs, we hypothesized that correlations between LSA and POMA1 scores at the initial assessment and between LSA and POMA1 score changes over treatment would be positive but moderate in size (0.3 < r < 0.6).
In terms of responsiveness, we hypothesized that there would be an improvement in the LSA score at discharge from physical therapy compared with the initial assessment within each cohort and the sample overall and that the lower limit of the 95% CI for the change scores would be >0.
[H2] Sample Size
Statistical advice was to recruit 77 patients per study cohort, that is, 231 in total. With a 2group t test and a 2-sided 5% significance level, this sample size would have 80% power to detect a true difference in the mean LSA score change after treatment of 10 points or greater between any 2 study cohorts, assuming that the common SD was 22. The SD used in this calculation was derived from our pilot data. 21
[H2] Data Management and Analysis
The telephone researchers were responsible for all LSA data entry. An LSA scoring algorithm (in SPSS [IBM Corp, Armonk, NY, USA], with command syntax provided by the developers) that was used to calculate Life-Space Level scores and the total score was applied to the raw data by A.P.
Data analysis was conducted in a masked fashion with regard to study cohort membership, sex, and main presenting problem by R.A.P. using SPSS Statistics for Windows v21.0 (released in 2012; IBM Corp, Armonk, NY, USA). Analyses included all eligible participants who consented to take part in the LSA study provided that they recorded an LSA score at the initial assessment.
Participant characteristics were summarized overall and stratified by study cohort. Since most variables were not normally distributed, the participant characteristics were compared across cohorts using Kruskal-Wallis tests for continuous data and chi-square tests for categorical data. To determine whether the LSA scores at the initial assessment were significantly different between the 3 cohorts, box plots were constructed and Kruskal-Wallis tests were used. On the basis of the observed validity of the analysis of variance assumptions, a parametric one-way analysis of variance was used to assess whether changes in the LSA scores over treatment were significantly different between the study cohorts, with box plots being used to enable visual comparison. Similarly, box plots and a 1way analysis of variance were used to compare groups with different main presenting problems. Means and 95% CIs for differences in the LSA scores at the initial assessment and differences in the changes in the LSA scores between cohorts were also calculated.
To investigate the convergent validity of the LSA score, Kendall tau correlation coefficients were calculated between LSA scores and POMA1 scores at the initial assessment. The method of Kendall tau correlation was chosen because our data had frequent occurrences of tied observations. This analysis was conducted both overall and stratified by cohort.
To evaluate responsiveness, mean differences and 95% CIs were calculated for the changes in the LSA scores after treatment within each cohort, with P values being calculated on the basis of a paired t test. Standardized response means (SRMs) for changes in the LSA and POMA1 scores after treatment were calculated for comparative purposes as the mean difference divided by the SD. To evaluate responsiveness in terms of the longitudinal validity of LSA, Kendall tau correlation coefficients were calculated between LSA and POMA1 score changes over treatment.
According to predefined criteria, floor and ceiling effects were assumed to have occurred if at least 10% of the participants recorded the minimum possible LSA score of 0 and at least 10% of the participants recorded the maximum possible LSA score of 120. These criteria were determined a priori before the start of data collection.
The number and percentage of unmasking events relating to the telephone researchers' becoming aware of participant cohort membership were calculated both overall and within study cohorts.
Analysis was done by "complete cases," assuming that any missing data were missing completely at random irrespective of participant characteristics. To assess the appropriateness of this assumption, we performed a missing data analysis involving fitting a multiple logistic regression model to a binary outcome, taking the value as 1 if a participant had at least 1 LSA or POMA1 score missing at T1 or T2 or taking the value as 0 otherwise.
Participant age, sex, study cohort, and LSA score at the initial assessment had no missing data and so were all included as covariates in the model to investigate the probability of missing data varying by these characteristics.
The 5% level was adopted as the criterion for statistical significance unless stated otherwise. [H1] Results
[H2] Role of the Funding Source
[H2] Descriptive Statistics
Study recruitment and retention rates are shown in Figure 1 . Reasons for withdrawal or loss to follow-up included nonresponse to calls, dropping out of treatment, illness/admission, death, or bereavement.
The demographic, clinical presentation, and treatment characteristics of the cohorts are described in Table 1 . The cohorts did not differ significantly in terms of sex, socioeconomic deprivation, length of treatment, or number of physical therapist contacts. There was significant variation between cohorts both in age (P = .02) and the frequencies of main presenting problem (P < .001). The characteristics of the main presenting problem categories are described in Table 2 . These categories differed significantly with respect to age only (P < .001), in that patients with neurological problems were younger on average than patients in the other categories.
[H2] Times Between Measures
The median time difference was 53 days between LSA measurements at T1 and T2 (range = 2-203) and also between POMA1 assessments at T1 and T2 (range = 7-210). These differences did not vary significantly across cohorts (P = .17 for LSA; P = .66 for POMA1).
The median lags between POMA1 and LSA measurements were 7 (range = 0-84) days at T1 and 5 (range = 0-117) days at T2. These lags varied significantly between cohorts (P < .001 for both T1 and T2), with the median lag observed in the OP cohort on both occasions being 4 to 7 days greater than those observed in the other cohorts.
[H2] Construct Validity
[h3] Differences between cohorts. The hypothesized patterns of LSA scores at the initial assessment and the LSA score changes over treatment for the 3 cohorts were confirmed (ie, LSA scores at initial assessment in the relationship OP > DNH > DH and LSA score change over treatment in the relationship DH > DNH > OP) (Fig. 2) . The corresponding descriptive statistics are shown in Table 3 .
There was significant variation between cohorts in LSA score at assessment (P < .001).
Further analysis showed significant mean differences in LSA score at assessment between the OP and DNH cohorts of 14.1 (95% CI = 9.2 to 19.0) points and between the OP and DH cohorts of 17.3 (95% CI = 12.6 to 22.1) points but not between the DNH and DH cohorts (3.3 [95% CI = −0.4 to 6.9] points). These patterns of differences in LSA score between cohorts were, with 1 exception, confirmed by multiple linear regression analysis adjusting for possible confounding variables (see Supplementary Analysis available at https://academic.oup.com/ptj). The exception was that the DNH cohort had a significantly higher initial LSA score than the DH group at the initial assessment (mean difference = 4.5
[95% CI = 0.2 to 8.7]; P = .04) in the multivariable analysis.
Similarly, there was significant variation between cohorts in LSA score change over treatment (P < .001). Mean difference analyses indicated significantly greater improvements in the DH cohort than in the OP (11.8 [95% CI = 6.3 to 17.3] points) and DNH (8.1 [95% CI= 2.6 to 13.7] points) cohorts but no significant difference between the DNH and OP cohorts (3.6 [95% CI = −1.4 to 8.7] points). These patterns of differences in LSA change scores between cohorts were confirmed in multiple linear regression analysis adjusting for possible confounding variables (see Supplementary Analysis).
[H3] Differences between main presenting problems. Analyses of LSA outcomes by
main presenting problem category are described in the Supplementary Analysis. Overall, these analyses show that both LSA score at initial assessment and LSA score change over treatment distinguished between the main presenting problem categories, particularly between patients with musculoskeletal, orthopedic, or neurological presentations.
Statistically and clinically significant improvements in LSA score over treatment were found for the musculoskeletal and orthopedic categories but not for the neurological and general surgical categories (although the latter was a very small group comprising 5 patients).
[H3] Convergent validity. Relatively weak, positive correlations (Kendall tau-b = 0.21-0.41) for the sample as a whole and within each cohort were observed between the LSA and POMA1 scores at the initial assessment (Tab. 4). These correlations were in the direction hypothesized, if somewhat weaker than expected in most instances.
[H2] Responsiveness
[H3] Changes after treatment. Statistically and clinically significant improvements in the LSA score after treatment were found for each of the cohorts and the sample overall. For the whole sample (experiencing a median of 5 physical therapist contacts over a median of 53 days) the mean change in LSA score was 10.5 points (95% CI = 8.3 to 12.8; SRM = 0.60; P <.001). This size of improvement equates to the difference between, for instance, having been previously housebound but mobile daily with a walking stick to now visiting the garden 1 to 3 times per week and the neighborhood once a fortnight using a stick. The mean change in the DH cohort was 17.0 points (95% CI = 12.8 to 21.2; SRM = 0.90; P <.001), that in the DNH cohort was 8.8 points (95% CI = 5.2 to 12.5; SRM = 0.55; P < .001), and that in the OP cohort was 5.2 points (95% CI = 1.8 to 8.7; SRM = 0.34; P = .005). This pattern of responses mirrors that of the SRMs of POMA1 score changes over treatment across cohorts, which were 1.52 (DH), 1.13 (DNH), and 1.00 (OP). These comparisons indicate that LSA is responsive but not to the same extent as POMA1 in this sample.
[H3] Longitudinal validity. Relatively weak, positive correlations (Kendall tau-b = 0.14-0.32) for the sample as a whole, and within each cohort, were observed between LSA and POMA1 score changes over treatment (Tab 4). Again, these correlations were in the direction hypothesized, if somewhat weaker than expected.
[H3] Floor and ceiling effects. No participant scored 0 or 120 on the LSA at either measurement point. Hence, there was no evidence of floor or ceiling effects.
[H2] Unmasking of Assessors
The researchers who conducted the LSA interviews reported becoming unmasked with regard to participant cohort membership on 19 of 276 occasions (6.9%) at T1 and 15 of 231 occasions (6.5%) at T2. The analyses of differences between cohorts on LSA score at assessment and change in LSA score over treatment, as well as the responsiveness analyses, were run again after exclusion of all instances of unmasking. Our conclusions were unchanged after exclusion of these cases.
[H2] Missing Data
A total of 228 participants (82.6%) had complete LSA and POMA1 score data, whereas 48 participants (17.4%) had at least 1 missing LSA or POMA1 score at T1 or T2. We found no statistically significant differences in participant age, sex, study cohort, or LSA score at the initial assessment between these 2 groups in a multiple logistic regression analysis.
Therefore, we found insufficient evidence that the probability of missing data depends on participant characteristics or the study cohort, suggesting that the missing-completely-atrandom assumption is reasonable.
[H1] Discussion
In this sample of patients receiving community physical therapy in the United Kingdom we have found good evidence to support the construct validity of the LSA. The measure distinguished between 3 cohorts of patients (outpatients; domiciliary, nonhospitalized; and domiciliary, recent hospital discharge) on both score at assessment and change score over treatment comprising 5 contacts over 8 weeks on average. Five of 6 comparisons between pairs of cohorts in adjusted analyses showed statistically and clinically significant mean differences on these 2 outcomes. The directions of all of these differences confirmed our hypotheses based on clinical experience. Both LSA score at assessment and LSA change score distinguished between patients presenting with different primary problems even though all shared the treatment goal of improvement in gait and/or balance. In terms of convergent validity we found that LSA and POMA1 scores established through assessments conducted, on average, approximately 1 week apart were positively correlated in most analyses, as hypothesized, but the associations were relatively weak and smaller than expected. It is likely that the correlation coefficients reported here are slight underestimates due to the median lags between POMA1 and LSA measurements ranging between 5 and 7 days. Notwithstanding this, the weak correlations support the hypothesis that although the 2 instruments measure something in common, they offer different measurement foci, and therefore cannot be used interchangeably. We also found good evidence for the responsiveness of the LSA as a measure of change in functional mobility over relatively short periods of physical therapy, for the sample as a whole, and within each of our cohorts. However, our analyses indicate that LSA is less responsive than POMA1 in this population, which supports the conclusion that the 2 measures are complementary not interchangeable. This difference in responsiveness probably reflects that improvements on gait/balance tasks (measured by POMA1) are necessary but not always sufficient to lead to improvements in functional mobility behavior (measured by LSA). Further, we found no evidence of floor or ceiling effects constraining the sensitivity of the LSA to changes after treatment.
The key strengths of this study are the clinically grounded hypothesis testing approach, the use of independent assessors who were intended to be masked with regard to cohort membership, and, by virtue of its setting, its relevance to outcome measurement in routine physical therapist practice. One limitation is that we did not attempt to measure the actual environmental demands faced by participants (such as terrain and lighting) which may have differed systematically between cohorts. Another possible limitation is that we allowed caregivers to answer the LSA questions on behalf of participants where necessary. Caution in using this method has been advised due to limits on the accuracy of caregivers' recall. 49 However, in this study close relatives responded on behalf of only 9 of the 276 participants (3%), so the effect of any bias was likely to be minimal. The time lag between LSA and POMA1 measurements was not consistent across study cohorts, which may have biased the construct validity analyses, although we adjusted for the time lag in regression analyses comparing study cohorts on the 2 main LSA outcomes. Use of the t test P value (which is primarily an indicator of statistical significance) as a measure of responsiveness could be regarded as a limitation, although we also reported the 95% CIs around the mean response to aid interpretation. Further, the SRM relies on the accuracy of sample-based estimates of the mean and standard deviation, and uncertainty regarding the true value will be greater in small subgroups. Finally, the assessors were not always masked with regard to measurement point, which may have introduced bias.
The need for further study of the clinical applications of LSA has been noted 28 and this study enhances that small body of work, and is the first study of LSA in a United Kingdom setting. Our findings are consistent with those from the most robust clinical population studies in terms of the construct (difference between groups) 35, 41, 44, 45, 50 and convergent 26, [33] [34] [35] [36] 38, 39, 44 validity, responsiveness over treatment, 41, 42, 44, 45 and absence of floor/ceiling effects 36, 39 of LSA. A particularly important feature of our findings is that they occurred in the context of a median baseline LSA score of 20 which is lower than any reported in the literature, and far below the range (≤52-56) which has been proposed 28, 33 as the "cutoff score" indicating mobility problems sufficient to hinder activities of daily living. In this context, our finding of statistically and clinically significant changes in LSA score over a relatively brief period of treatment is particularly noteworthy.
This study provides evidence of the construct validity and responsiveness of the LSA in routine community physical therapist practice among patients with very restricted functional mobility. We found that LSA scores are influenced by more than gait and balance problems; they may also reflect concepts such as confidence in mobilizing outdoors, 18 social participation, 51 and access to support resources. Hence, the LSA complements and brings added value to outcome measures commonly used by community physical therapists, such as the POMA1, by quantifying a person's functional mobility around the home and in negotiating outdoor environmental demands. This is essential if an individual is to take part in social activities which, ultimately, impacts upon quality of life. 28, 30 Although the LSA is brief and straightforward to administer, and its questions easily understood, its scoring procedures as they stand are likely to limit its use in routine practice. The requirement to apply an algorithm written in SPSS syntax to raw Life-Space Level scores to generate a total score is prohibitive; few clinical services are likely to have access to SPSS software. 
